This paper presents an auxiliary planning method for intelligent substation access system based on security region. Firstly, the method of resolving the static voltage security region is proposed. Secondly, the method of constructing the optimal index of substation accession is given, which is used to describe the priority of the node into the substation. Finally, a complete set of intelligent substation access system auxiliary planning strategy is given, which takes into account the constraints of the normal operation of the grid on the voltage amplitude.
Introduction
Intelligent substation as the physical basis of smart grid, will go through the smart grid construction process [1] . With the continuous development of social and economic progress, all walks of life power users of the basic requirements of the power system has been to a more secure, more reliable, more economic change, substation as a particularly important part of the power system, and the most important energy transmission point in the distribution equipment [2] . Whether the substation planning and design is reasonable and whether it can adapt to the violent fluctuation of the load and meet the load development demand in the next few years is extremely important. Therefore, the optimization analysis and evaluation technology of the substation access system is an important content in the power system planning research.
In paper [3] , the safety of the typical access system scheme of the two substations is compared. In paper [4] , the main technical scheme of the typical design of 220 kV and 110 kV substations and the technical characteristics of each module are analyzed. In paper [5] According to the principle of minimizing the cost and maximizing the efficiency of the project, and achieving the goal of minimizing the life cycle cost of the project in the whole life, while ensuring the quality of the design, and realizing the maximum economic efficiency and the maximum social benefit of the project construction. At present, at home and abroad in the substation program design method, in addition to the economic comparison phase of the introduction of life cycle cost (Life Cycle Cost, LLC), and not much improvement [6] [7] .
In this paper, we use the security region method, which can give the relative position of the current operating point in the domain to characterize the security and stability margin of the whole system [8] [9] . By the stability margin information, the weak link of the system is obtained. Based on the boundary coefficient of the security region of the node, the auxiliary decision making scheme for the substation access system is provided.
Construction of Static Voltage Security Region
The mathematical description of the static security region is as follows: For a given network topology, the static security region is a set of all system operating points in the decision space that satisfy the power flow equation x denotes the state variable vector of the system, including the voltage phase angle of the generator and the load bus and the voltage amplitude of the load bus, y denotes the complex power injection vector of the bus, and f is determined by the system network structure.
Node Power Injection Equation Linearization Processing
Assuming that the system has n − 1 nodes and nb branches, where node 0 is the equilibrium node, there are g + 1 generator nodes; G is used to denote the set of generator nodes except the equilibrium node; L is the load node A set of all branches.
According to the node power injection equation:
cos sin sin cos
Using the method in paper [10] to linearize the node power injection equation.
Written in matrix form:
In the formula, G is the real part of the admittance matrix, B is the imaginary part of the admittance matrix, and all are constants.
Static Voltage Security Region
The decision space of the static voltage safety domain defined in this paper includes the active power injection of the node and the reactive power injection of the load node, and increases the voltage amplitude of the generator node.
In general, the power system operates in a small neighborhood of the point (V = 1, θ = 0), and the mapping from the V − θ space to the P − Q space is mapped one by one. Therefore, in the V − θ space, the inverse mapping of the Equation (2) exists in a neighborhood of the run point (V = 1, θ = 0).
Assume that the system has 1 n + node, where node 0 is a balanced node and has g PQ nodes. The set of PV nodes is denoted by G, and L is the set of PQ nodes. The Equation (3) can be written as:
In the formula, Where the PV node and the PQ node are separated. A, B, C, D, E, F, G, H and I are the block matrix, the order is n n
According to the Equation (4):
From the Equation (5), Equation (6) can be obtained:
up i u is the upper limit of the voltage amplitude of the load node. in Equation (7).
The above equation can be organized as:
Thus, the static security region of the upper limit of the load node voltage can be defined as:
Similarly, the static safety region of the lower limit of the load node voltage can be defined as:
The static voltage safety region of the whole system is the intersection of the static voltage safety region where the upper and lower limits of the voltage of all nodes are satisfied.
, ,
Strategy of Auxiliary Planning for Intelligent Substation Access
This paper uses the stability margin of the security region to quantify the system security level, to find the node that is closest to the security region boundary under the current operating conditions. This paper presents the optimized index of substation access (OISA), and describes the auxiliary planning strategy of substation access system in detail.
Stability Margin and Safety
The calculation equation for the stability margin of the load node j is as follows:
j srm value is positive that the system is safe, the greater the value that the distance from the node's security region boundary farther, the greater the stability margin. The equation of the stability margin of the system (SRM):
Auxiliary Planning Strategy of Substation Access
According to the optimized index of substation access (OISA), forming appro-
The specific method is as follows:
1) The stability margin analysis of the system is carried out to find the node with the smallest stability margin, meanwhile, obtaining the corresponding domain boundary coefficient information of the node;
2) Sorting the optimized index of substation access(OISA), the larger the index value of the node, give priority to the node into the substation;
3) Replace the PQ node with the PV node in the position obtained in step 2); 4) Recalculate the security region of different schemes and the corresponding system stability margin. By comparison, the optimal access scheme is obtained.
Auxiliary planning strategy of substation access's flow chart, as shown in Figure 1.
Template
The following is an example of the IEEE 118 node system. The system has a total According to the current power system network topology data, and the corresponding constraints, in the decision space of the system, obtain the corresponding static voltage security region in the current situation. Select the twodimensional cross-section of the security region boundary corresponding to load node 9 on P11 and Q11.As shown in Figure 3 .
In this paper, different load levels were selected for stability margin analysis.
The results are shown in Table 1 .
From the analysis of Table, the system load increases, the system's stability margin decreases. As the installed capacity of the system is sufficient, the increase of load has little effect on the system stability margin. The current operating point is closest to the security region boundary of BUS 9.
According to the network data to calculate the power flow security region boundary corresponding to load node 9 on P11 and Q11
Security region boundary
Current run point
According to the information on the security region boundary of BUS 9,
Sorting the optimized index of substation access (OISA). Part of the data shown in Table 2 .
For analysis of OISA, in the Table 2 , it is advisable to put substations at node 11 and node 13. Option 1: Substation is installed at load node 11; Option 2:
Substation is installed at load node 13.
In the case of input substation parameters consistent, the stability margin analysis for Option 1and Option 2 is shown in Figure 4 .
From the table can conclude that, access substation in the BUS 11 and BUS 13 can improve system stability margin. However, BUS 11 access substation's effect of Stability margin improvement is more obvious. 
Conclusion
In this paper, the direct construction method of static voltage safety domain is proposed. For the first time, the idea of "domain" is applied to the auxiliary planning of intelligent substation. This paper presents a set of complete intelligent substation access system program auxiliary planning method.
